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any studies that found associations between
depression and nicotine dependence have
ignored possible shared genetic influences associated with antisocial traits. The present study
examined the contribution of genetic and environmental effects associated with conduct disorder
(CD) and antisocial personality disorder (ASPD) to
the comorbidity of major depression (MD) and nicotine dependence (ND). A telephone diagnostic
interview, the Diagnostic Interview Schedule-III-R,
was administered to eligible twins from the Vietnam
Era Twin (VET) Registry in 1992. Multivariate genetic
models were fitted to 3360 middle-aged and predominantly white twin pairs (1868 monozygotic,
1492 dizygotic pairs) of which both members completed the pertinent diagnostic interview sections.
Genetic influences on CD accounted for 100%,
68%, and 50% of the total genetic variance in risk
for ASPD, MD and ND, respectively. After controlling for genetic influences on CD, the partial genetic
correlation between MD and ND was no longer statistically significant. Nonshared environmental
contributions to the comorbidity among these disorders were not significant. This study not only
demonstrates that the comorbidity between ND and
MD is influenced by common genetic risk factors,
but also further suggests that the common genetic
risk factors overlapped with those for antisocial
traits such as CD and ASPD in men.

M

Research has shown a significant association between
smoking and depression (Covey et al., 1998;
Glassman, 1993; Glassman et al., 1990; Hughes,
1999; Paperwalla et al., 2004; Williams & Ziedonis,
2004). Data from the National Comorbidity Study
(NCS) in the United States conducted in early 1990s

470

showed that the prevalence of lifetime and current
smokers was 59% and 37%, respectively, among
persons with lifetime major depression (MD) and
60% and 45%, respectively, among persons who
reported MD in the past month compared to 39%
and 23% in those with no history of mental illness
(Lasser et al., 2000). The NCS data also suggest that
preexisting MD that has not remitted increases risk of
progression to nicotine dependence (ND) by 1.2 times
(Breslau et al., 2004a). The National Epidemiologic
Survey on Alcohol and Related Conditions reveals
that the 12-month prevalence of ND is 30% among
persons who reported MD in the past 12 month compared to 13% in the United States general population
during this period (Grant et al., 2004). A significant
association between MD and ND was also found in
male and female adolescents (Fergusson et al., 1996).
Although an understanding of risk factors that underlie the association between the two conditions has
important implications for clinical diagnosis and
treatment, the mechanism underlying the observed
comorbidity is not clear.
Both causal and noncausal hypotheses have been
proposed to explain the comorbidity between
smoking and depression. Each type of hypotheses has
found support from some, but not all, prospective
studies. In support of the causal hypothesis, a bidirectional relationship between depression and smoking
has been proposed. MD and depression symptoms are
found to be associated with subsequent smoking and
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ND in teens and young adults in some longitudinal
studies (Breslau et al., 1993, 1998; Escobedo et al.,
1998; Fergusson et al., 2003; Kandel & Davies, 1986;
Killen et al., 1997; Patton et al., 1998), but not in
others (Dierker et al., 2001; Goodman & Capitman,
2000). Depression also decreases the likelihood of
quitting tobacco use (Anda et al., 1990). Conversely,
smoking has been shown to predict later depressed
mood and symptoms in adolescents and young adults
in some studies (Choi et al., 1997; Windle & Windle,
2001; Wu & Anthony, 1999), but not in the other
prospective epidemiological studies (Brook et al.,
2004). An association between daily smoking and subsequent onset of MD was reported in the NCS
(Breslau et al., 2004b).
Evidence regarding factors that influence both
smoking and depression has emerged to support the
noncausal hypothesis for the explanation of the
association between the two conditions. A prospective study of young adults found that after controlling
for conduct disorder (CD), smoking did not predict
the later onset of MD, and MD was not associated
with subsequent onset of smoking (Breslau et al.,
1998). A study of an adolescent cohort found that the
strength of the correlation between ND and MD was
reduced by half, after controlling for factors (e.g.,
conduct problems, delinquent peer affiliation and
other variables) correlated with both conditions
(Fergusson et al., 1996). This common etiologic
hypothesis has been further examined from a genetic
perspective. Twin research has found that the association between cigarette smoking and MD was
accounted for by correlated genetic factors (rA = .56)
in women (Kendler et al., 1993) and a genetic correlation (rA = .17) in men (McCaffery et al., 2003). In a
pediatric sample, early experimental smoking was
reported to be genetically correlated with depression
in girls and environmentally correlated in boys
(Silberg et al., 2003). A family study reported that
heavy smoking and dysthymia, but not MD, coaggregated between probands and their relatives
(Dierker et al., 2002).
Previous studies on shared genetic risk of MD
and ND have ignored the potential contribution
from antisocial traits such as CD and antisocial personality disorder (ASPD). We have previously
reported genetic covariance between ASPD and MD
in this sample (Fu et al., 2002). It is plausible to
hypothesize that genetic factors associated with
antisocial traits may be attributable to the genetic
association between ND and MD.
The current study used a large population-based
male twin cohort selected from the Vietnam Era
Twin (VET) Registry to address the following questions: (1) Are there common factors underlying the
comorbidity between ND and MD? (2) If common
factors are found, are they genetic or environmental? and (3) Do those common factors overlap with
those affecting conduct disorder (CD) and ASPD?

Materials and Methods
Participants

The VET Registry is a general population registry of
male twins constructed in the mid 1980s from computerized Department of Defense files and other
sources. Twins who were born between 1939 and
1957 and served on active military duty during the
Vietnam era (1965–1975) were included in the registry. Zygosity was assessed by a series of questions
about sibling similarity and supplemented with limited
blood group data obtained from military records.
Zygosity determination by such methods has been
shown to have 95% accuracy (Eisen et al., 1989). The
development and characteristics of the Registry have
been published elsewhere (Eisen et al., 1987, 1989;
Henderson et al., 1990). Registry members participating in research studies have been found to be
representative of twins who served in the military
during the Vietnam era on a variety of sociodemographic and other variables (Goldberg et al., 1987;
Henderson et al., 1990).
The data reported here are from structured diagnostic telephone interviews administered to the VET
panel in 1992 and 1993 (Lyons et al., 1995; Tsuang
et al., 1996). Of 10,300 eligible individuals, after
accepting informed consent, 79.7% completed the
interview. The overall pairwise response rate was
66% (3372 complete pairs). A total of 3360 pairs
(1868 monozygotic [MZ], 1492 dizygotic [DZ]
pairs) in which both members completed the pertinent diagnostic interview sections are included in the
present report. The mean age at interview of respondents was 42.0 years (SD ± 2.7, range 33–52 years);
93.8% were non-Hispanic white, 5.8% were African
American, less than 1% were Hispanic, and 0.3%
were of other ethnicity; 33.3% were high school
graduates and 38.7% college graduates; and 92.6%
were employed full-time, 1.8% part-time, and 5.6%
unemployed. The sociodemographic profile of the
VET panel has been reviewed in detail elsewhere
(Goldberg et al., 1987; Tsuang et al., 2001).
Measures

A computerized telephone version of the Diagnostic
Interview Schedule, Version 3, Revised (DIS-III-R;
Robins et al., 1988) was used to assess common
axis I psychiatric disorders. The research protocol
was approved by the institutional review boards.
Experienced interviewers from the Institute for
Survey Research at Temple University were trained
by one of the project investigators to administer the
telephone interview. The interview was conducted
after the respondent had given verbal informed
consent. Lifetime diagnoses of CD, ASPD, MD, and
ND were determined according to Diagnostic and
Statistical Manual of Mental Disorders (3rd ed.,
rev.; DSM-III-R; American Psychiatric Association,
1987) criteria. All diagnostic variables were coded
dichotomously. An ordinal variable of CD symptom
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counts (from no symptom, coded as 0, to having
five or more symptoms, coded as 6) was created for
the biometric modeling analysis, based on the
number of symptoms before age 15. Earlier analyses
of the VET data reported good test–retest reliability
of diagnostic measures (Slutske et al., 1997; True et
al., 1999).
Statistical Analysis

Logistic regression analyses were performed to
analyze the associations of ND with CD (without
ASPD), ASPD, and MD, respectively. Each twin
member was treated as an observation in a general
population sample. Odds ratios (OR) and 95% confidence intervals (CI) were estimated using the
Huber-White robust variance estimator implemented in Stata (StataCorp, 1999) to adjust for the
nonindependence of observations in the twin sample
(which would otherwise lead to underestimation of
95% CIs for the ORs).
Because MZ pairs are genetically identical,
whereas DZ pairs are genetically no more alike than
ordinary full siblings, comparing MZ and DZ twin
intrapair correlations provides a test for genetic and
environmental effects. The intrapair correlations
matrix includes cross-twin within-variable, withintwin cross-variable, and cross-twin cross-variable
polychoric correlations. We assumed that for each
disorder there is a continuous and approximately
normally distributed liability in the general population, which is determined by the combined effects of
multiple genetic and environmental risk factors
(Falconer, 1965). With twin data, the total phenotypic variance of ND can be decomposed into
genetic, shared environmental and nonshared

ACD

CCD

AASPD

CASPD

environmental components that overlap with CD,
ASPD, and MD, and specific to ND, using a
Cholesky factor model (Neale et al., 1999). A
detailed description of this model can be found elsewhere (Neale et al., 1999). MZ and DZ pairs are
not assumed to differ in their concordance for pertinent shared environmental risk factors. In fact, little
evidence has been found that this equal environment assumption is violated in this VET panel (Xian
et al., 2000). This result is consistent with findings
in other twin samples (Kendler & Gardner, 1998).
According to the DSM-III-R, the diagnosis of
ASPD requires a history of CD with onset before
age 15 (Robins et al., 1998). Missing values were
assigned on ASPD for the CD diagnosis negative
group (i.e., fewer than 3 CD symptoms) because a
negative CD diagnosis precludes a diagnosis of
ASPD. To obtain unbiased genetic and environmental estimates of parameters for ASPD, the CD
symptoms and ASPD were jointly analyzed in a
model where the CD symptom variable had two or
more categories that were cross-classified with the
ASPD diagnosis (e.g., number of CD symptoms
above the minimum of three required for a CD diagnosis). More technical details about analyzing this
type of hierarchical data can be found elsewhere
(Heath et al., 2002).
A quadravariate model including CD symptoms,
ASPD, MD, and ND was fitted to the raw data
using the full information maximum likelihood
method implemented in Mx (Neale et al., 1999). A
schematic path diagram of the full model is illustrated in Figure 1. Then, we tested a series of
submodels nested within the full model by

AMD

CMD

AND

CND

CD

ASPD

MD

ND

ECD

EASPD

EMD

END

Figure 1
Schematic path diagram of a Cholesky decomposition model for genetic and environmental influences on CD, ASPD, MD, and ND. The variance
in liability to each disorder was decomposed into additive genetic (A), shared environmental (C), and nonshared environmental components
(represented by latent factors) that overlap with other disorders and specific to the disorder. One-way arrows represent standardized factor
loadings to be estimated.
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constraining to zero the insignificant genetic or
environmental parameter estimates. The fit of each
submodel was evaluated using a likelihood ratio
chi-squared test. An insignificant chi-squared test
result (p > .05) suggests the submodel with fewer
parameter estimates gives an equal good fit to the
data compared to the more comprehensive one that
the submodel was nested. For the nonnested model,
Akaike Information Criterion (AIC), defined as –2
(maximum log-likelihood) +2 (number of parameters) was used to compare different models. The
best fitting model was determined by a balance of
parsimony and goodness-of-fit according to the
smallest AIC.

Results
Lifetime prevalence of DSM-III-R CD, ASPD, MD,
and ND in the VET sample was 10%, 2.7%, 9.2%,
and 47.8%, respectively. Thirty-six per cent of respondents with ASPD met lifetime criteria for MD,
compared to only 8% of those without a history of
ASPD. Prevalence of co-occurring ND and MD was
6.5%; co-occurring ND and ASPD 2.3%; and cooccurring ND and MD and ASPD 0.9%. The
estimated odds of ND for respondents with a history
of CD only, ASPD or MD were 1.95, 5.4, and 2.88
times the estimated odds for those without any of
those disorders, respectively. When all of these variables were included in a regression model, the
estimated odds of ND for respondents with a history
of CD only, ASPD, or MD were equal to 2.01, 4.63,
and 2.63 times the estimated odds for those without
these disorders, respectively. The results from logistic
regression indicated that CD, ASPD, MD and ND
were associated with one another.
Table 1 presents intrapair polychoric correlations
across disorders by zygosity. All MZ correlations were
greater than corresponding DZ correlations across the
four disorders, suggesting that genetic influences partially caused the comorbidity among those disorders.
The results of fitting a Cholesky model to the raw
data are summarized in Table 2. When compared to the
full model, Model 2, which excluded genetic effects on
all disorders, was rejected by the likelihood ratio chisquared test (χ2 = 64.67, df = 10, p < .001, AIC = 44.67).

Model 3, which did not contain shared environmental
parameters on any disorder, gave a marginally good fit
(χ2 = 17.99, df = 10, p = .06, AIC = –2.00). However,
Model 4, which retained a single shared environmental
parameter for a shared environmental effect specific to
CD, gave a substantial improvement in fit (χ2 = 7.69,
df = 9, p = .56, AIC = –10.31). When a genetic effect
specific to ASPD was removed, Model 5 gave a better fit
to the data (χ2 = 7.88, df = 12, p = .82, AIC = –16.10),
suggesting that genetic correlation between CD and
ASPD did not differ significantly from unity. We
further tested an alternative model, Model 6, which
assumed no significant residual genetic covariance
between CD and ND after controlling for genetic influences on MD. The model fit index for this model
indicated a substantially worse fit to the data than
Model 5. Thus Model 5 was the best fitting model.
Standardized path coefficients and 95% CIs under this
model are presented in Figure 2.
Heritability estimates for lifetime DSM-III-R CD,
ASPD, MD, and ND were 26%, 63%, 41% and 61%,
respectively. Shared environmental variance was 16%
for CD. Genetic influences on CD accounted for 20%
of the total phenotypic variance for MD and 24% for
ND. Furthermore, of the total genetic variances in risk
for MD and ND, 49% (.452/[.452 + .462]) and 40%
(.492/[.492 + .602]) were explained by the genetic factor
for CD. Although the genetic covariance between MD
and ND was not significant after controlling for the
genetic factor of CD, we examined this covariance to
avoid an overestimation of genetic effects associated
with CD on the comordity of MD and ND. We found
that 90.3% (95% CI 67.5–100%) of the total genetic
correlation between MD and ND could be explained
by the CD genetic factor, and only 9.7% (95%
CI 0.0–33.4%) by the genetic factor for MD. This supports the original hypothesis that the genetic risk
factors for CD largely accounted for the genetic correlation between MD and ND.
Discussion

The purpose of the present study was to examine
genetic and environmental factors underlying the association between MD and ND. Our data showed that
both MD and ND were highly genetically correlated
with CD. The causes of the comorbidity of the two

Table 1
Polychoric Correlations among Conduct Disorder (CD), Antisocial Personality Disorder (ASPD), Major Depression (MD),
and Nicotine Dependence (ND) by Zygosity
MZ Co-twin
CD

ASPD

MD

DZ Co-twin
ND

CD

ASPD

MD

ND

CD

.41

.53

.23

.23

.33

.37

.10

.17

ASPD

.43

.70

.27

.34

.31

.22

.23

.22

MD

.25

.19

.42

.18

.10

.18

.13

.13

ND

.24

.37

.32

.60

.20

.28

.12

.31
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Table 2
Model Fit Indices and Goodness-of-Fit for Full and Submodels
Model

df

–2LL

∆χ2

∆df

p value

AIC

44.67

1 (full)

28887.80

3393

2 (no AG)

28952.47

3403

64.67

10

< 0.01

3 (no SE)

28905.79

3403

17.99

10

0.06

–2.0

4 (retaining SE on CD only)

28895.49

3402

7.69

9

0.56

–10.3

5 (no AG specific to ASPD)

28895.68

3405

7.88

12

0.82

–16.1

6 (alternative model)a

28904.57

3405

16.77

12

0.16

–7.23

Note: Abbreviations: –2LL = –2 log-likelihood; df: degrees of freedom; χ2 = chi-squared test comparing a nested submodel to the full model; df = difference of degrees of freedom
between a specific model and the full model; AIC = Akaike’s Information Criterion; AG = additive genetic effect; SE = shared environmental effect.
a

The model reordered the observed variables as major depression (MD), conduct disorder (CD), antisocial personality disorder (ASPD) and nicotine dependence (ND) to test
whether MD genetic factor explain genetic covariance between CD and ND.

conditions were largely genetically rather than
environmentally determined. The residual genetic correlation between ND and MD was no longer
statistically significant after controlling for those genetic
effects on CD and ASPD. Thus, the genetic determinants of this comorbidity were genes that increased the
risk for CD and ASPD. In these analyses, we made an
allowance for the diagnostic hierarchical relationship of
ASPD and CD. An additional finding was the complete
genetic correlation of risk of CD and risk of ASPD in
those who develop CD (having three or more CD
symptoms). CD and ASPD were influenced by different
nonshared environmental determinants (including

AG1

measurement error). Shared environmental effects were
significant for CD, but not for ASPD.
Our data support the common etiological hypothesis for the association between MD and ND; that is,
there is a genetic predisposition to impulsive traits
(Slutske et al., 1997, 2002), which in turn increases risk
for MD and ND. The present study results are supported by findings that CD and MD are often
comorbid (Marmorstein & Iacono, 2003). Or, more
broadly defined, externalizing and internalizing
disorders are positively correlated (Krueger, 1999) and
that familial aggregation exists among ASPD, MD, and
substance use disorders (Kendler et al., 1997). Our conclusion is consistent with substance abuse or

SE1

.51
(.43, .59)

.40
(.28, .47)

AG3

.46
(.32, .57)
.80
(.63, .91)

CD
.76
(.73, .79)

ASPD

.09
(.02, .16)

.11
(.00, .30)
.59
(.39, .78)

NE1

.45
(.34, .55)

NE2

.29
(.07, .48)

AG4

.06
(.00, .23)

.60
(.54, .66)

.49
(.41, .54)
MD

.06
(.01, .10)

ND

.01
(.00, .20)
.09
.70
((.00, .19)
(.57, .77)
NE3

.62
(.58, .66)
NE4

Figure 2
Factor loadings (95% confidence intervals) of CD, ASPD, MD, and ND on genetic (AGi), shared environmental (SEi), and nonshared environmental
(NEi) factors in Model 5.
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dependence literature that shows the genetic association
between juvenile and adult antisocial personality disorders and substance abuse or dependence (Krueger et al.,
2002). For example, genetic risk for behavior undercontrol accounts for most common genetic risk for
alcohol dependence and CD reported by an Australian
twin study (Slutske et al., 2002). An adolescent twinfamily study showed that familial transmission of
CD/ASPD and substance (i.e., alcohol and drug)
dependence was mainly due to common genetic risk
factors (Hicks et al., 2004). A recent genome-wide
screen study found that the risks for CD and alcohol
dependence were linked in the same region on chromosome 2 (Dick et al., 2004).
With respect to genetic risk factors associated with
CD, the heritability estimate of CD derived from this
male twin sample is greater than that from the
Virginia male twin sample (26% vs. 13%) and smaller
than that from the Virginia female twin sample (26%
vs. 38%; Goldstein et al., 2001; Jacobson et al.,
2000). Greater shared environmental influences were
found to contribute to the total variance of CD in this
male twin sample, consistent with the findings from
the Virginia male twin (Jacobson et al., 2000). The
familial (genetic plus shared environmental ) effects
(26% + 16% = 42%) estimated in the present study
were slightly greater than the genetic estimate of CD
reported in the Virginia female twin sample, which did
not find significant contributions from shared environmental effects (Goldstein et al., 2001). Compared to
an earlier report based on the same data set, we found
somewhat stronger evidence for a genetic effect (26%
vs. 7%), most likely because of the increased precision
of a multivariate genetic analysis which includes
ASPD. However, the estimates of familial effects in the
two reports are relatively similar.
Some limitations of this study should be noted.
The VET sample was composed of a relatively
homogenous group of middle-aged and predominantly
white male United States military veterans, precluding
generalization to women and other ethnic groups.
Previous examinations of this twin panel (perhaps
because of readily available tobacco products during
military service) showed a higher prevalence of ND
and comparable figures for MD than was obtained
from nonveteran males (Jordan et al., 1991; Lyons et
al., 1998; Slutske et al., 1997; Tsuang et al., 1996,
1998). Entry into military service most likely excluded
individuals with the most severe, early onset antisocial
behaviors. The much lower prevalence of DSM-III-R
ASPD in this twin sample (2.7%) compared to the
Untied States general population prevalence in men
(5.8%) supports this hypothesis (Kessler et al., 1994).
This sample selection may have led to the disproportionate inclusion of individuals with ASPD who have
mild to moderate antisocial behaviors, but would be
expected to attenuate rather than exaggerate associations between ASPD and ND. Heritability estimates of
MD and ND found in this twin panel are similar to

results from other nonveteran samples (Kendler, 1999;
Slutske et al., 1998). Thus, it seems implausible that
our findings are based on an artefactual contribution
of CD to the genetic correlations of MD with ND.
Our study not only demonstrates that comorbidity
between ND and MD is influenced by common
genetic risk factors, but also further explicitly shows
that the common genetic risk is accounted for by
genes associated with CD and ASPD. These results
have implications for studies which search genes that
might increase risk for ND. The comorbidity of CD
and ND instead of that of MD and ND may be a
promising phenotype to identify predisposing genes
for ND. Our results also have implications for
attempts to understand the etiology of ND, which is a
common cause of failure of smoking cessation.
Although clinicians have long observed that ND is
comorbid with MD and CD, our data suggests that
greater attention should be paid to the genetic risk
associated with impulsive or antisocial traits that
underlie the observed comorbidity in men.
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